Abstract: Semantic People Tagging is an Enterprise 2.0-style approach to making expertise and individual capabilities transparent. By combining it with a collaborative ontology editor and thus the possibility to construct a shared vocabulary and understanding, it can be a supplement for cumbersome competence management, or expert finder solutions, which lack acceptance among employees, and suffer from outdated data. It gives human resources a timely overview of available and required competencies based on peer reviews and actual usage. However, it also needs to be tailored to the cultural characteristics of a specific company. Therefore, we have developed a design framework for semantic people tagging.
Introduction
Competence management (Schmidt & Kunzmann 2007 , Biesalski & Abecker 2005 , Becerra-Fernandez 2006 and recent trends towards talent management have put employees' capabilities and their development to the center of attention in HR management. Among the main drivers behind this are the anticipated demographic change and the resulting shortage of skilled employees. Competencies are the stateof-the-art conceptual approach for describing work-relevant human behavior in a variety of contexts (Braun et al. 2010) . Within an organization, competencies enable instruments for more effective resource allocation (e.g., for team staffing), knowledge management and informal learning support, and human resource development in general. They aim at making transparent individual competencies and their relationship to organizational goals. Recently, this view has been complemented by the usage of competencies in employability processes, ranging from competencies as part of e-portfolios, via competency-based curricula up to competency-driven recruitment processes.
Mainstream competence management approaches are conceived as top-down instruments (see e. g. Biesalski & Abecker 2005 , Harzallah et al. 2006 and are based on controlled vocabularies in the form of competency catalogs. In such approaches, a small expert group models such competency catalogs (Ley et al. 2010 ) and thus defines the vocabulary at irregular intervals (usually well more than yearly) or even as a one-time activity without scheduled updates. This catalog is then provided to the lower management and the employees in order to provide, update, and apply requirements and competency profiles. However, especially on the level of individual employees, such competence management approaches have so far not been able to show sustainable success on a larger scale (Schmidt & Kunzmann 2007) . The same applies to expert finder or expert locator systems (Becerra-Fernandez 2006) , which have often failed in the long run because of incomplete and outdated data, apart from social and organizational barriers. This affects both competency profiles of the individual employee and nonadequate and often also outdated competency catalogs used as a vocabulary for the profiles. A lack of participation of all employees has been identified as one of the key problems (Braun et al. 2010) .
People tagging (Farrell et al. 2007b , Braun & Schmidt 2008 ) an enterprise social media approach to competence management and expert finding aim at identifying the capabilities of employees by using collaborative tagging, thus exploiting the wisdom of the crowds. This represents a paradigmatic shift, moving away from a top-down towards a bottom-up approach. While from a technology perspective, this is about transferring the idea of social (semantic) bookmarking (Braun et al. 2009 ) from bookmarking resources to bookmarking people, it is a much bigger step from a social and organizational perspective. Tagging resources is different from tagging people; the latter touches much more sensitive issues and there are mutual influences between culture and the people tagging approach.
In this contribution, we want to present the results of developing a semantic people tagging system that combines collaborative tagging of people with collaborative development of a shared vocabulary and its evaluations as part of a design research process. We shortly sketch two field experiments and additional expert interviews that explore the potential and risks of semantic people tagging and the design space for semantic people tagging solutions. Based on these, we have developed a conceptual design framework for semantic people tagging that describes the design aspects and possible design decisions for concrete implementation of semantic people tagging in an organization. We then go on to describe our system that supports semantic people tagging and its use in a career advising organization.
Related Work

Competence Management in General
Traditionally, competence management approaches are conceived as top-down instruments (see e. g. Berio & Harzallah 2005 , Biesalski & Abecker 2005 . The basis are competency catalogs (Sicilia 2005 ) modeled at irregular intervals by small expert groups and then to be used by the operational level in order to provide, update, and apply requirements and competency profiles.
However this method usually leads to communication and coordination problems between strategic and operational level. Schmidt & Kunzmann (2007) have proposed a closed-loop approach in which two-way communication between the different levels forms an integral (see Figure 1 ). This model is designed from a human resource development perspective. On the strategic level, the competence catalog and the requirement profiles for job roles are modeled in a continuous loop, taking into account corporate goals (in order to ensure that the catalog and the profiles are oriented toward the future) and feedback from the operational level. The operational level uses this vocabulary to describe the actual competency profiles of the individual employees. By comparing the actual competency profile with the requirements profile, it is possible to determine a competency gap, which can be op t ona era i l t at gic s r e orm tive n a Figure 1 Integrated Model of Competence Management: A closed loop approach Schmidt & Kunzmann (2007) But even with a closed loop approach as outlined, there are still considerable problems when putting those approaches into practice. We will analyze in the following the competence modeling and diagnostics/assessment activities, which are in practice the most challenging ones. 
Getting Competency Profiles
On the operational level, the most obvious problem is getting the competency profiles. One fundamental issue is that competencies cannot be measured, sensed, or observed directly. What we can observe is performance in various forms (Lau & Sure 2002) : assessment of learning outcomes, performance in every day job activities etc. All of these yield evidence from which a competency is usually deduced heuristically.
In practice, you can observe two approaches (Biesalski & Abecker 2005) : (1) self-assessment approaches in which employees themselves are asked to provide their competencies, sometimes mediated in a second step by their superior, and (2) external assessment approaches done by superiors or through formal assessment procedures.
While the latter approach is very expensive and cumbersome and thus can only be observed in limited areas, the first approach often fails because of missing motivation. This lack of motivation can be traced back to no immediate benefit for the employees. For instance, systems are hardly embedded into everyday work activities and have not proven their usefulness there. Or it can be even traced back to negative incentives; for instance, if you disclose your competencies, others will contact and perhaps disturb you or you will fear to appear not competent enough. As a result, employees might downplay or exaggerate their competencies as BecerraFernandez (2006) reports. Often, these competency profiles also do not contain information that is of high relevance to colleagues; for instance manually-updated repositories become particularly outdated (Mcdonald & Ackerman 2000) . Thus, recent and usually very specialized topics are not yet contained in the competency catalog because of the long update intervals.
Several studies address this problem by automatically extracting profile information from data the user generates in her daily work; e.g. from publications (Crowder et al. 2002) , documents (Reichling et al. 2007) or community contents (John & Seligmann 2006 , Breslin et al. 2007 ). Ley et al. (2010) propose a competence performance approach that derives competencies from executed tasks. In this approach, a task competency matrix is created together with domain experts. This matrix relates a set of tasks, e.g. required for a position, to a set of competencies needed to fulfill these tasks successfully. Based on this model, the system can infer a user's competency from her successful performance of a task in her daily work.
Social Tagging for Gathering Competence Information
Web 2.0 developments have also brought forth solutions for competence management. For instance, Schumacher et al. (2010) provide a framework to choose and apply Web 2.0 tools and techniques in the domain of competence management for virtual team building. Unfortunately, the authors don't elaborate on social tagging.
It's mainly social networking approaches that may be used for describing and augmenting employee profiles from the purpose of those profiles for expert finding and community formation. These platforms are mainly based on the selfpromotion paradigm: People can represent themselves with a profile and indicate their connections to other users. Further, in some of these approaches, the principle of social tagging and bookmarking is transferred to people; for instance Xing or theNTSH or Tagalag -the latter two meanwhile gone offline -were one of the first systems that allowed organizing your contacts with tags.
There also have been various people tagging applications on Facebook like Describe Me, Define Me or iDescribe (most of them have gone offline). These applications typically aim for entertaining rather than organizing and sharing knowledge on who knows what. The tagger stays anonymous and users can either choose a limited number of tags from a predefined list or create new tags to describe their friends.
An interesting approach focusing on the quality of tags and encouraging social connectedness has been Collabio. Collabio -short for Collaborative Biographyimplemented ideas of Games with A Purpose (von Ahn 2006) to tag people within the Facebook social network (Bernstein et al. 2009 (Bernstein et al. , 2010 . Users can tag their friends in a game. Therefore, the users only see the tags assigned to a friend in an obscured tag cloud. When they start to describe the friend, guessed tags are uncovered and new tags are added to the tag cloud. For each tag, the users accumulate points equal to the number the tag is assigned to the friend. Only the friend him-/herself can see the whole uncovered tag cloud, who assigned which tag and delete tags if needed. However, self-tagging is not possible. To prevent the cold-start effect of a completely empty tag cloud, seed tags are used from a person's public profile.
In their evaluation, including a survey with 49 active users as respondents, the authors found that most tags capture affiliation, expertise, interests and hobbies. Uncommon tags describe miscellaneous and unusual information, nevertheless rated as fairly accurate descriptors. Whilst this evaluation shows that Collabio provides accurate and novel information about people, the authors mention three open design challenge: (a) motivate new users to join the game, (b) users stop using the system because of tag exhaustion; i.e. users do not know anymore what additional tags to add to their friends, (c) lack of semantics.
For the enterprise context, IBM's Fringe Contacts (Farrell & Lau 2006 , Farrell et al. 2007b ) was the first system that implemented people tagging. Within IBM's Fringe Contacts each employee can describe their colleagues, e. g. for contact management, or themselves, e. g. for self-presentation, by tagging them with arbitrary key words on their expertise and interests. Thus, step by step, a publicly visible tag cloud grows characterizing the individual employee. The authors indicate that this leverages network effects for setting up some sort of profile of the individual, and improves usefulness for the individual user of the system which, in turn, motivates to contribute. For instance, Farrell et al. (2007a) could state that tagging people was used to create communities. Raban et al. (2011) from IBM Haifa studied self-tagging activity vs. tagging activity by and of others of a three-year-snapshot within their research enterprise employee directory. On the employees' profile two tag clouds display the tags the employee was tagged with and respectively used to tag others. Self-assigned tags are shown separately. The results show that users who tag themselves are the most productive contributers; both tagging themselves and others. Self-tagged users receive significantly more tags from other users. The study revealed that the more users tag themselves the more they get tagged by others or vice versa and the more people users tag, the more people tag them or vice versa (causality could not be inferred). However, when users tag themselves very extensively, they are tagged less by others and vice versa -there seem to be a saturation reached at 12-14 tags per user. Razavi & Iverson (2009) extended OpnTag 1 (Iverson et al. 2008) , an open source social bookmarking and note taking web tool, with a people tagging feature. The aim is to enhance relationship and personal privacy management for information sharing. By tagging people, users can categorize their contacts into different target groups to control access to their personal information; e. g. to share a specific memo with all contacts tagged with 'java expert'. For each tag assignment, the user can specify its visibility; tagger only, taggee, people tagged with the same tag by the tagger, or anyone. Altogether, personal privacy only relates to who can access which personal document. Wang & Jin (2009) came up with a similar idea of using tags assigned to people within Fringe Contacts in order to selectively distribute messages in an automated way.
Thielen (2010) have recently analyzed to what extend the characteristics of social tagging systems are applicable for e-HRM tasks; especially to acquire information usable to augment and describe employees' competency profiles. The author presents a conceptual framework with profiles, tagger and tags as the identified dimensions and some basic characteristics. Whereas there are some overlaps with our design framework, our framework presents a more fine granular reflection of the design characteristics together with their impact. Thielen (2010) additionally provide an analysis of the reliability and validity of the competency related information. The author concludes that the absence of guidelines and rules and the lack of semantics that allow different interpretations of tags are the main disadvantages. Nevertheless, social tagging systems might be useful to gather more hidden or multi-perspective information.
Overall, there are different existing approaches that allow their users to tag each other, however the resulting employee profiles lack legitimation and commitment by the organization, especially with respect to the vocabulary used. The approaches do not provide support to overcome the gap and leverage the bottom-up topics to an organizational competences vocabulary. But that is a prerequisite for organizational competence management -ranging from team staffing, via human resource development to organizational competence portfolios.
Concept
Overview of the Approach
Semantic people tagging is based on a combination of the the principles of (a) collaborative tagging of persons (People Tagging after Farrell et al. (2007b) ) and (b) social semantic bookmarking ):
• Employees assign tags to each other (e.g., on entries in an employee directory, from their address book, or as a bookmark to social networking sites like LinkedIn 2 ) referring to expertise or interests. This can complement selfassessment and the assignment of tags by superiors. These assignments are not restricted to a predefined competence catalog, but the employees can use (almost) any tags which they find appropriate, although tags are recommended based on those already used by others.
• Tags can be collaboratively developed towards a shared ontology, negotiated among the users of the system. This is achieved through a gradual formalization (as part of everyday usage) following the concept of ontology maturing (Braun et al. 2007 ), i.e., new tags are first added to a category of 'latest topics' from where users can merge synonyms and typos, or add translations, and put them in a structure of broader and narrower terms. More formal definitions can be added, too, so that the entries evolve from informal tags to more formal competency definitions usually found in competency catalogs (see Figure 2 ).
Figure 2
Ontology maturing process for competencies by Braun et al. (2010) This can serve several purposes and use cases:
• Colleagues can find each other more easily, e.g., for asking each other for help.
• Employees become aware of other colleagues with similar interests or experience to stimulate the formation of communities.
• It supports human resource development by providing information about the aggregated needs (e.g., by analyzing searches) and current capabilities of current employees (aggregated tagging data) to make the right decisions about training required.
Process Model for People Tagging
The concept can be summarized in Figure 3 , which is based on Figure 1 . Individuals can assess each other by assigning tags (representing competency, experience, interest, or similar), which can be taken from a shared vocabulary (competence catalog), but can also be added to this catalog at the time of assigning a tag. This results in collaboratively developed competence profiles, which are no longer based on precise assessments, but rather utilize the collective judgment of many. These profiles can be used for identifying other individuals associated with a given topic/competency. This can lead to a learning process by receiving help from the other individual. This leads (a) to refined assessment of the other individual's expertise and (b) refined personal expertise that becomes manifest in work practices. Competency catalog is structured and iteratively refined in the process of gardening. The role of a gardener can be taken not only by a formal group of experts on a strategic level, but also by any participating individual on the operational level. Gardening can be informed by using the information what users are interested in, which they express by using search terms. This can yield information about topics not yet covered, or synonyms to be included in existing terms. 
Data Quality and Provenance
It is obvious that moving from a centralised and controlled approach as in traditional competence management approaches to a social media approach poses challenges on how to make use of the collected data:
• Judgments of individuals vary, based on different perspectives, observations, backgrounds, or personality. Similar problems also exist for biases of assessment in traditional competence management approaches, both on the employee's and the superior's side. In the case of social media, this is addressed by using aggregates and not relying on individual assignments.
• Some individuals are more reliable in their assessment because of their prior experience. While for newbies, anyone who knows something about a topic they don't know about is worth tagging, experts in the subject will be much more selective. Therefore their judgment needs to have more weight, which a simple aggregation of tag assignments does not reflect. This can be solved in two ways: (1) users can see who tagged whom to allow them to judge the reliability, or (2) give different weight depending on the expertise level. We will show in section 5 that we can address the first option with the design aspect visibility of tag assignments and the second option with the design aspect search heuristics.
• The democratic collaborative development of the vocabulary can lead to inconsistencies. While inconsistencies in earlier maturity phases are common and do not harm the use of tagging information for, e.g., searching, for the latter phases it can have a bigger impact. This can either be solved by social rules, or the design aspect Control over and semantics of the vocabulary.
Integrating with Traditional Competence Management
While the current approach concentrates on rather informal aspects of competence management, it can also support the more formal process, e.g., the human resource development process as shown in Figure 1 . This is shown in Figure 4 . The key element is that the two use cases (finding people and human resource development) require different levels of maturity of the used concepts. This can be achieved by projection: while for finding people all parts of the competence catalog can be used (even those who were just assigned by a single individual), for HR development we use only those that have a certain level of maturity that is manually assigned to the stable parts of the competence catalog.
An interesting observation from Figure 4 is that people tagging strengthens the link between strategic and operational level by making the competence catalog a true boundary object both levels operate on.
Initial Evaluation and Concept validation
By extending the group of people who can make competence and expertise assignments to encompass colleagues, semantic people tagging promises to achieve (1) a higher up-to-dateness and completeness of the employee profiles, (2) more realistic assessment of competencies and expertise than with self-assessment, and (3) additional awareness for the tagged person who can see his/her colleagues' perspective. At the same time, assignments by colleagues come with social risks, e. g. by the assignment of inappropriate tags.
In order to explore the potential and risks of semantic people tagging prior to implementation and an evaluation in real enterprise setting, we conducted two field experiments with pen-and-paper prototypes and a conceptual validation with experts. The first field experiment was targetted at the employee perspective, while the focus group was more targetted at the organizational perspective.
Field experiments: Individual Acceptance of People Tagging
For evaluating the acceptance of people tagging from an employee perspective, we have conducted two field experiments in two different environments (see Braun et al. (2010) Schmidt & Kunzmann (2007) participants. We prepared paper-based posters for each group member . Each poster showed the name and photo of the person and blank lines to write down tags. Participants were asked to tag each other. Afterwards, participants were asked to fill out an online questionnaire, and a group discussion has taken place. Overall, the participants of both experiments accepted people tagging and perceived it useful. The participants appreciated reflecting about others' interests and competencies and learning about others and getting new insights in this way. With the tags it was possible to get a quick overview and to see who works in the same area as oneself or has similar, also non-work related, interests. At the same time, there emerged some challenging issues:
• Cold start effect when starting tagging from scratch with empty profiles hampering the tagging process
• Missing tag (autocompletion) suggestion support
• Existing tag assignments led to tag reuse and hampered adding new tags
• Divided opinions on occurring non-professional and negative tags
• Uncomfortable feelings on the anonymity of the tagger
• Fear of transparency; e. g. being associated with non-confident topics
• Missing opt in and opt out opportunities
• Missing control of tags that were assigned to oneself and their visibility
It was also interesting to see that these issues could be observed differently in both cases so that we conclude that we need to be careful with -from a technical perspective -rather minor aspects, like e.g., control of the individual over assigned tags, guidance through tag suggestion, visibility of tagging information (who has tagged whom).
HR Experts Focus Group: Organizational Dimension of People Tagging
For the organizational perspective, we have chosen a focus group as a method where we asked HR experts. We presented the semantic people tagging approach to a focus group of two German professors specializing in human resource and competence management and organizational development as well as two practitioners from large organizations. We introduced the approach with a short presentation and demonstration of a first prototype. This was followed by a 2.5 hours of open discussion. During the discussion the following aspects emerged:
• People Tagging as a sub system in an organization has to be connected to other functions and systems (e. g. existing enterprise resource planning systems) -otherwise it may not yield full benefit.
• It should be integrated into everyday culture so that it lives; i. e. a systemculture-fit. For instance, the freedom of having everybody participating and transparency of changes across hierarchies might be alienating. This requires (1) flexibility and (2) a better understanding of culture and organization to 13 which software configuration options have to be mapped. The identifications of these options might depend on the understanding of the cultural aspects. Thus the introduction of people tagging should involve an organizational assessment, including a detailed examination of the culture.
• Restrictions to the vocabulary might be needed to map to a strategyoriented competence management approach, where competencies are not only collected, but the company make conscious reductions i. e. , prioritizations of competencies. Thus giving a basic structure as a form of guidance, e. g. by limiting the top most level of the vocabulary. And leaving the freedom for the detailing by tagging (also as a kind of brainpool). In this way, new developments can inform revisions in a controlled manner. Additionally, having employees participate in the corporate strategy can lead to a different form of identification and transparency.
• Flexibility in search strategies is required. Based on the information that is available and seen as useful indicator; e. g. who is the tagger and what's his/her expertise? But not only to improve the usage experience of the individual, but also as an organizational constraint. For instance, the organization might not have everybody networked with everybody else. There are connections the organization wants to promote, e. g. sales and marketing or finance and sales, but sometimes there are unwanted connections: e. g. when sales representatives know someone in production -they might call the other and bypass the regular process to get something faster than others.
• Transparency of discussions and changes can interfere with organizational hierarchy, e. g. an employee always correcting and discussing his/her team leader's vocabulary changes might be interpreted as weakness of the team leader by other team leaders.
• Flexibility might be needed on different levels: on the individual (micro) level, e. g. one employee only wants self-assigned tags being displayed, the other any tags; on the department (meso) level, e. g. production department might get more restricted search and vocabulary editing functionality than the R&D department; and on the organization (macro) level, e. g. free vs. restricted vocabulary editing. Each can be different, but it could also lead to social effects if differences between departments are discovered -makes differences in culture and strategy transparent.
This has further confirmed that each target context of a people tagging system will require a different "'configuration"', which depends on cultural aspects as well as the actual goals that are associated with introducing people tagging. An analysis of the state of the art has shown that there has been little research on identifying design options in a systematic way so that we have developed a framework for engineering people tagging systems, which is described in the following section.
Further research will be based on an extensive data set from real world usage of the system. We will investigate additional strategies for gardening support and search heuristics. Furthermore, we will investigate the link to traditional competence management systems.
A Design Framework for Semantic People Tagging Systems
The results and experiences with the field experiments and the expert focus group together with an analysis of the design of folksonomy-based systems in general in the literature (Marlow et al. 2006 , Sen et al. 2006 , Wal 2005 , Golder & Huberman 2006 , Heckner et al. 2008 , Trant 2009 ) and an analysis of social semantic bookmarking systems (Braun et al. 2009 ) led us to the development of a conceptual design framework for semantic people tagging.
Our experience has shown that there is no universal design for the sensitive subject of people tagging and we need a system that is flexible enough to adapt to each individual organization. In this way this framework brings together of what has been perceived to be useful with focus on tagging people to the best of our knowledge but might be extended for further application and organizational contexts.
We could identify five main aspects: (a) involved people, (b) control and semantics of the vocabulary, (c) control of tag assignments, (d) visibility of tag assignments, and (e) search heuristics for flexible search strategies. In the following we elaborate the first four aspects with basic design questions and possible design decisions and the fifth aspect with indicators and the underlying assumptions.
Design Aspect I: Involved people
The first design aspect to be discussed and shown in Table 5 .1 is about the involved people in the tagging process. This includes (a) restrictions about the tagger (who is allowed to assign tags) and (b) restrictions about the taggee (who is allowed to be tagged).
The first question to be answered is who is allowed to assign tags. While social media approaches largely benefit from the openness, limiting the group of authorized people does make sense under certain circumstances:
• Self-annotation can be ambivalent: On the one hand it can be used for seeding in order to avoid cold start difficulties, and the study by Raban et al. (2011) also indicated that self-tagged users are the more productive contributors. On the other hand, it may be seen as distasteful self-marketing, and results may be distorted by the different level of self-marketing of different personality types.
• Allowing users to tag who only know little about the other person or about the topic they assign would result in a lower quality of tagging.
• Restriction to certain groups can have a positive effect on trust and sharing behavior in specific cultural environments, as indicated by Kaschig et al. (2010) .
Following these arguments, restrictions can range from anyone being allowed to tag, over a limited group of persons defined either by organizational structures (e.g., team colleagues) or individual relationships (e.g., friends, or approved contacts in a social networking service), to only self-annotation. These options may be combined with each other.
The second question is which persons can be tagged; only colleagues within the organization / department or also external contacts. Including external contacts • Only internal/external contacts • Taggee may opt out • Taggee must opt in might enrich the search for potential contact persons on the one hand; on the other hand people might not want to share their personal social network. This also depends on the purpose of introducing a people tagging system.
Another issue to be clarified is whether we need consent of the taggee. This can be implemented using an opt-in model (only those who agreed to participate can be tagged) or an opt-out model (everyone can be tagged unless the individual opts out explicitly). The opt-in model might limit the use when Semantic People Tagging is introduced in a smaller group with the aim for incremental spreading. The opt-out model implies that everyone is forced to participate at the beginning or when you start on a small scale that people are tagged without having the opportunity to object.
Design Aspect II: Control over and Semantics of the Vocabulary
The second design aspect (see Table 5 .2) we need to consider refers to the vocabulary. How much control do we need to impose on the vocabulary development? And how semantically differentiated can this vocabulary be applied as part of the tagging?
As for the level of control, there are various aspects to consider:
• Organizational guidance. While we already mentioned the difficulties with a completely controlled vocabulary, our expert interviews have also shown that it might be necessary from an organizational and strategic perspective to fix a specific part of the vocabulary as a core, for instance the top level categories, around / beneath which the employees continue developing the vocabulary. This ensures that priorities can be set by the organization's management with respect to competence development, which is necessary for a more strategic perspective.
• Avoidance of inappropriate tags. Free tagging always has the risk that tags are used which the community or the taggee finds inappropriate or offending. This has already been found in our field experiments. This can be achieved in various ways: A black list of tags can be implemented by automatic system checks, i.e., a priori before at the time of tag assignment. But it can be also left to a manual gardening processes (a posteriori) where inappropriate tags are eliminated. Or it can also happen completely outside the system by social rules of non-usage (implicit or explicit as guidelines).
• Scope of tagging. Similarly to the previous aspect,another issue that turned out to be very crucial from our field experiments is the regulation and control of non-professional tags. While this can be beneficial for promoting social networks, it can also create irritations with the taggees.
• Promotion of convergence. While free tagging is good for timely inclusion of new topics in the vocabulary, it hampers the quality of search and especially the aggregation of data. The vocabulary might be further influenced and controlled by tag suggestions. Thus the recommendation of existing tags in the vocabulary might foster reuse and consolidation (cf. Sen et al. 2006) , whereas recommendations of tags e. g. extracted from document contents might encourage including new tag ideas.
Additionally to the control of the vocabulary, we need to answer how semantically differentiated tagging is, i.e., what does it mean when a tagger assigns a tag, and can the tagger specify a concrete semantics. Traditional competence management relies on very differentiated assignments by specifying 'having a competence at a certain level' ('beginner', 'intermediate', or 'expert') . This allows for a very differentiated reasoning (competence gap analysis, high quality aggregation). On the one hand, such differentiated semantics require a high cognitive effort and in many cases exceed the ability to judge. This has been particularly observed in the evaluation, which is described in section 4. Here, dealing with unspecified semantics (like, e. g. , being associated with a topic) facilitates the assignment of tags. The users can simply choose the tags they associate with the other person without being required to think about the differences between competences and skills etc. or different levels. Still, it might be a good idea to offer users the possibility to differentiate between 'having expertise in', 'being interested in', or 'being occupied with'.
Design Aspect III: Control of Tag Assignments
Not only the vocabulary used for a tag assignment is important, but also the tag assignment by a concrete tagger to a concrete taggee (see Table 3 ): do they need approval before being published? Who is allowed to delete them?
The field experiments have shown that some people fear the transparency, especially of being associated with topics they don't feel confident enough. However, the upfront approval requires additional work for the taggees and might result in a time lag till tags get visible, which again is demotivating for the taggers. There might also be an automatic approval mechanism based on a black list in order to block potentially inappropriate or unwanted tags.
Regarding the control of tag assignments, it's also interesting to think about if and how the process is influenced. Thus showing already assigned tags can foster the reuse of tags. Seeding from external sources can help especially at the beginning to overcome cold start difficulties. On the other hand, our field experiments have shown that people might feel biased by the displayed tags towards confirming these instead of adding new ones. How to influence the tagger?
• Showing existing tags for a person • Seeding from external sources (e. g. publications)
a Gardeners are people who devote themselves especially to cleaning and structuring the knowledge base. They can establish themselves out of the community or explicitly be nominated by the organization.
Design Aspect IV: Visibility of Tag Assignments
The next design aspect we like to discuss is the visibility of tag assignments (see Table 5 .4) which constitutes the degree of transparency introduced. As transparency has a huge impact on culture of an organization(al unit), it is important to consider this aspect. This has two components: (a) the group of people to whom the visibility applies (only taggee, a limited group, everyone), and (b) the level of detail that is visible. The latter is important as different levels of detail have different levels of sensitivity. This can range from full visibility, i.e., everyone can see who has assigned which tag to whom with which kind of semantics (at which point in time). The other extreme is to make individual tag assignments not visible at all, but only display aggregated information (as an individual's profile or even only as team profile). Having an anonymized view, i. e. information about the person who made a tag assignment is not visible, can lead to more 'honest' and more tag assignments on the one hand. On the other hand, anonymity might also foster mobbing or hamper evaluating the expressiveness of tag assignments. For instance, people rather might trust the assessment of experts and thus tag assignment they made than beginners. 
Design Aspect V: Search heuristics for Flexible Search Strategies
Finding the right person based on the query of a user is a non-trivial task. The ranking algorithm incorporates heuristics that are based on certain assumptions and depend on the previous design decisions, which may apply in one organizational context, but not in the other. In the following we present a list of indicators and the underlying assumptions and reasons.
• Tags of the taggee This is the most obvious assumption: if a person gets tagged, we assume that the person is somehow associated with the tag and thus relevant if someone searches for the tag. Differentiation can be done between self-assigned tags and tags by others.
• Frequency of tags The more often a tag is assigned, the more relevant the person is for a specific tag. This leverages collective judgment.
• Timestamp of the tag assignment The more recent a tag assignment is, the more relevant it is. This especially true for people since a person could have thematically reoriented.
• Tags of the tagger If the tagger is tagged with the same tag as he/she assigns to another person, then it gets more weight. Example: If a Google Web Toolkit (GWT) expert assigns the tag GWT to someone else, this is a more meaningful judgment than that of a person, who hardly knows what GWT means, assigning this tag.
• Tagging activities of the tagger If the tagger is a highly active user and makes differentiated assignments, then the taggers assignments get more weight.
• Tagging activities of the taggee We may conclude on the taggees expertise from his/her tagging activities. Therefore, if the taggee is a highly active user for a specific topic and makes differentiated assignments, then it gets more weight.
• Current availability of the taggee If the request is urgent, taggee who are available in time and / or location get a higher ranking.
• Social connectivity between searcher and taggee Tagger who are closer connected with the searcher; i. e. have a shorter or strategically preferred path in the searchers social/organizational network, get higher ranking because they are likely to have more commonalities like similar interests and viewpoints.
• Social connectivity between tagger and taggee The social relationship between tagger and taggee might influence the tag assignments. Example: If close colleagues assign a tag, it's more meaningful, because they know the taggee better than other colleagues with loose contact.
• Background knowledge on the structure of tags If a taggee is assigned with broader or narrower tags, it gets less weight in comparison with exact matching tags.
• Additional activities of the tagger If the created, edited or interacted with documents or contributed to discussions etc. for a specific topic, then it gets more weight.
• Additional activities of the taggee Similarly to the activities of the tagger, if the taggee created, edited or interacted with documents or contributed to discussions etc. for a specific topic, then it gets more weight. 20
Concluding Remarks
For the organizational implementation it is necessary to analyze and specify the different design aspects according to the respective organizational context in the sense of a system-culture-fit. This should include an organization analysis. Hereby we have to consider that the different design possibilities are partly dependent on each other and might limit the utilization of the information afterwards, e. g. not storing the information of the tagging person excludes the tags of the tagger as an indicator for the search.
6 Evaluation: A Real-World Instantiation
Functionalities of the People Tagging Tool
As part of a design-based research approach, a web-based application has been developed iteratively that offers the flexibility of configuring the system according to the design framework for a specific target context. The application supports employees in jointly creating a shared directory of people and a shared vocabulary that is used for tagging people. It offers a tagging tool, a collaborative real time editor for the vocabulary, overviews on people and profiles, a semantic search and explorative navigation through the directory of people and the vocabulary. The tagging tool can be invoked via a browser bookmarklet similar to state-ofthe-art social bookmarking applications. It offers tag recommendations based on the shared vocabulary, but allows also for free tagging (see Figure 5) .
The collaborative real time editor allows for gradual structuring of the assigned tags using broader and narrower concepts, synonyms and typos. This is achieved through an SKOS-based ontology formalism. Furthermore, recommendations for gardening the vocabulary are provided based on usage, co-occurence and other forms of semantic analysis (see Figure 6 ). Users also have the possibility to discuss about changes to the vocabulary in real time.
Finally, the semantic search allows users to find others (see Figure 7) . The semantic search makes use of the additional relations between tags (synonyms, typos, broader, and narrower) by both automatic and manual query expansion or refinement, thus delivering immediate benefit of structuring the vocabulary to users.
Piloting Target Context
As a piloting institution, we have worked with a British career advising organization. The organization is a local service for young people aged 13-19 years (up to age 25 for people with special needs) with 60 employees geographically distributed over a whole county. It helps with decision making about study, jobs and careers by offering impartial information, advice, guidance and personal support. Because of the geographical distribution, the people's knowledge about the specialties and expertise of their colleagues is very limited cross the offices and finding the right colleague to talk to is difficult. Additionally the Human Resource development needs to have sufficient information about the needs and current capabilities of current employees to make the right decisions. In service delivery contexts that Figure 5 Annotating a person must be responsive to the changing needs of clients, like career advising services, it is necessary to establish precisely what additional skills and competencies are required to keep up with new developments. Thus the HR development wishes to get a better overview on dynamics, especially new emerging topics.
We elaborated the organization specific instantiation of the design framework together with a team of Human Resource, training, and knowledge management and team managers of the career advising organization in an iterative process of discussions and system demonstrations, tests and adaptations.
In the final concrete instantiation, employees are allowed to tag themselves and their colleagues without any further restrictions. The organization's focus is on its own employees, tagging of external contacts is not envisioned. Every employee is seen as a participant and we created (empty) profiles for all employees beforehand; i. e. it is allowed to tag any colleague without the taggee's explicit opt-in. The employees are supposed to develop and modify the vocabulary used for tagging on their own. Thus, the system automatically adds new key words used during the tagging process to the vocabulary and changes to the vocabulary (e. g. by adding relations between tags) are immediately visible and effective (e. g. to the search). The before mentioned team seeded the vocabulary with some topics in order to avoid cold start effects. There's no limitation or black list of terms. But the employees are not supposed to use negative or non-professional tags. During the tagging process, the system suggests existing tags from the vocabulary in order Figure 6 Ontology editor to foster reuse and thus the consolidation of the vocabulary. Tags are assigned without any further semantic differentiation. Assigned tags are immediately visible without previous approval by the taggee. The system does not block or delete specific tags automatically. Only the taggers can remove their tag assignments. During the tagging process, the user can see the tags assigned by other users. We did not make a seeding of the profiles. Every user of the system can see the tags in an aggregated (by frequency) and anonymous representation without level differentiation. The search ranking is based on the tags of the taggee and their frequency. We additionally take into account the structure of the tags.
The Semantic People Tagging system has been evaluated in a first cycle. We introduced the system in a hands-on workshop to ten employees. Additional employees have shown and explained the system to their colleagues so that they started using the system as well. In the introductory workshop we presented a short demonstration that was followed by an initial questionnaire on expectations and a user trial session with guided tasks. Then the employees used the system in an unsupervised way. After four weeks, a second workshop was held where we collected the experiences with using the system.
There the participants stated that they appreciated the systems simplicity and ease of use. They also liked the way it can give them lots more information than they currently have and the basic philosophy of democracy which empowers the individual and where nobody is in charge but has all possibility to contribute (currently they often feel out of control because there is no possibility to easily contribute to a shared knowledge base like e. g. the intranet).
At the same time we identified some areas of concern. The participants stated that it might be difficult for some colleagues to identify areas of expertise with which they feel comfortable being identified; and it would be important that a person tag is time-bound, so people do not feel they are making a completely open-ended commitment. Another concern was that some practitioners may abuse the system -e. g. 'lazy' colleagues may resist entering details about themselves and may tag others with expertise they may have (to deflect additional queries). Thus editing the own profile, i. e. removing tags that are inappropriate or in order to avoid being contacted, is important.
In contrast to the organization's focus at the beginning, it was also mentioned that the system could increase the efficiency of working with outside agencies by allowing them search for personal advisers expertise easily and quickly. On the other hand there were concerns about sharing whole people tagging information with other services in general because it could also increase the workload.
In addition to the qualitative feedback, a usability evaluation based on a standardized questionnaire on user satisfaction with a five point Likert scale (1 = disagree, 5 = agree) was also conducted, which yielded very positive results, e.g., understandability (mean of 4.75), ease of use (mean of 4), or usefulness (mean of 4.25).
The organizations currently continues to use the system, and we are collecting usage logs to study the tagging behavior more closely. Furthermore, the system is -with different configurations based on the design framework and integration with other systems -currently rolled out to three other contexts: one additional career advising organization in the UK, a professional learning community in the construction sector in Spain, and a big software company in Germany.
Conclusions
Semantic people tagging is a new approach to making transparent the expertise of employees in organizations. It combines the principles of collaborative people tagging and semantic social bookmarking by supporting the collaborative development of a shared vocabulary. It promises to increase the level of participation in the process, both for creating expertise profiles of individuals and for defining a shared vocabulary. As initial evaluations have shown, people tagging is much more sensitive than other collaborative tagging approaches so that social and cultural aspects (professional culture, team culture, or organizational culture) have to be taken into account when designing a people tagging system.
Engineering people tagging systems is about engineering socio-technical systems for which no one-size-fits-all approach is appropriate, but we need possibilities for customization. Any implementation of people tagging must be flexible enough to adapt to a particular organization culture and should include an organizational analysis. To simplify the process of analyzing the requirements of a concrete target context and to reduce the effort associated with customizations, we have developed a design framework and implemented in a web-based application. The design framework is based on a literature review, two initial field experiments, a conceptual validation focus group with HR experts, and the iterative development with a piloting career advising company.
The developed system is currently in use and has been well received by the employees in the piloting company. Currently it is being rolled out to further target contexts from where we intend to gather additional data about tagging behavior and the relationship between design decisions within the design framework and contextual factors that influence those decisions, including culture, structure, and attitudes.
